1. Introduction
===============

Acute appendicitis is the most common surgical acute abdominal disease, and its lifetime incidence is approximately 7% to 9%.^\[[@R1]\]^ According to clinical features and pathological anatomy changes, it is divided into acute simple appendicitis, acute purulent appendicitis, acute gangrenous or perforated appendicitis, and periappendiceal abscess. In present literatures, the first 2 types of pathology have often been called uncomplicated appendicitis (UA), and the latter two have been called complicated appendicitis (CA) or progressive appendicitis. CA accounts for 20% to 30% of acute appendicitis cases,^\[[@R2],[@R3]\]^ while UA accounts for 68% to 90% of cases in children.^\[[@R1],[@R4]\]^ CA is defined as irreversible appendicitis in some articles, because CA (acute gangrenous or perforated appendicitis) is difficult to cure by conservative treatment.^\[[@R5]\]^ According epidemiology, immunology, and pathology data, some scholars have consider that appendicitis is not necessarily a progressive disease, and they considered that CA and UA are different diseases developed by different causes.^\[[@R6]--[@R8]\]^ The results of the bacterial culture of ascites and fluid in the appendiceal cavity of these 2 types of appendicitis patients were significantly different. Furthermore, there was a higher positive rate of culture in CA.^\[[@R9]\]^ Particularly for gram positive cocci and anaerobic bacteria, the positive rates for CA were 51.6% and 67.7%, respectively, while the positive rates for UA were 23.1% and 42.3%, respectively.^\[[@R10]\]^ This was because the periappendiceal abscess often needs to be conservatively treated, such as the introduction of antibiotics or catheter drainage,^\[[@R11]\]^ which is different from the treatment for acute gangrenous or perforated appendicitis.^\[[@R12]\]^ In the present study, patients with periappendiceal abscess were excluded and not discussed for CA. This was because the CA in the present study refers to acute gangrenous appendicitis or perforated appendicitis. Hence, emergency surgery should be performed to avoid sepsis and septic shock, and increased mortality.^\[[@R13]\]^ In choosing the optimal treatment, it is particularly important to determine whether it is a CA as soon as possible, especially when choosing a conservative treatment. The present study mainly focused on patients diagnosed with acute appendicitis, and established a preoperative prediction score through clinical manifestations and stress response indicators, in order to determine whether these patients have CA (acute gangrenous or perforated appendicitis) or UA, timely providing optimal treatment according to the condition. In this way, it would benefit the performance of prognosis risk assessments for CA patients, thereby reducing the risk of adverse prognosis. The report is presented, as follows.

2. Material and methods
=======================

2.1. Study setting and study population
---------------------------------------

During the period of June 2015 to November 2017, the Department of General Surgery of our hospital admitted 339 patients with acute appendicitis. Among them, 101 patients who did not meet the inclusion criteria or did not sign the experimental informed consent were excluded. Therefore, the present clinical study included a total of 238 eligible patients who provided a signed informed consent. Based on the clinical symptoms and signs before surgery, and combined with the raja isteri pengiran anak saleha appendicitis scoring system,^\[[@R14]\]^ all patients received an appendectomy surgery after clear diagnosis. Among these patients, 2 patients were diagnosed with mucinous adenocarcinoma of the appendix after surgery, and were operated again and excluded from the group. Among the 236 patients enrolled in the present study, 133 (56.4%) patients were men and 103 (43.6%) were women, and their age ranged within 18 to 79 years old. Furthermore, among these 236 patients, 180 (76.3%) patients had migratory pain to the right lower quadrant on admission, 51 (21.6%) patients had right lower quadrant or lower abdominal pain, and 5 (2.1%) patients had upper abdominal pain. The mean duration of abdominal pain on admission was 26 ± 7 hours, in which nausea occurred in 87 (36.9%) patients, vomiting occurred in 39 (16.5%) patients, and fever occurred in 114 (48.3%) patients. Preoperative physical examination revealed that 90 (38.1%) patients had localized peritonitis and 146 (61.9%) patients had diffuse peritonitis. Postoperative pathological findings revealed that 18 (7.6%) patients had acute appendicitis, 170 (72.0%) patients had acute purulent appendicitis, and 48 (20.3%) patients had acute gangrenous appendicitis. Furthermore, 88 (37.3%) patients had appendix feces, while 148 (62.7%) patients had non-appendix fecal stones.

2.2. Methods
------------

Routine examinations conducted for all patients before surgery: blood routine, urine routine, 4 blood coagulation, blood biochemistry, high-sensitivity C-reactive protein (hsCRP), procalcitonin (PCT), serum combination 1, the determination of lymphocyte subsets, x-ray, electrocardiogram, and abdominal ultrasonography. The neutrophil-to-lymphocyte ratio (NLR) was calculated based on the number of neutrophils (N) and lymphocytes (L) in blood. The study was approved by the Ethics Committee of the Aerospace Center Hospital. The written informed consent was obtained from all participants. If there were no surgical contraindications, laparoscopic appendectomy (204 patients, 86.4%), or open appendectomy (32 patients) were operated using a Storz laparoscopic camera system and a 5.0 mm 30° lens under endotracheal intubation combined anesthesia. Preliminary exploration was performed after entering the abdomen, and routine appendectomy was performed after a clear diagnosis. According to the intraoperative abdominal infection, it was determine whether the abdominal drainage tube would be placed, and the resected specimen was routinely sent for pathological examination. At 6 hours after anesthesia, drinking was immediately allowed and solid food can be given when the patient could drink with no signs of postoperative ileus. The patients were also treated with semi-recumbent, anti-infective, and symptomatic support.

2.3. Inclusion criteria
-----------------------

Based on the following criteria:

1.  The preoperative diagnosis was clearly acute appendicitis (according to preoperative clinical manifestations, laboratory tests, and imaging examinations);

2.  The patients and their families agreed and provided a signed informed consent;

3.  The preoperative examination revealed no significant organ dysfunction or other surgical contraindications;

4.  The age range was 18 to 80 years old.

### 2.3.1. Exclusion criteria

1.  Patients with a diagnosis that did not meet the inclusion criteria;

2.  Patients who were \>80 years old or \<18 years old;

3.  Patients who have an important organ dysfunction, making the patient not suitable for general anesthesia appendectomy.

4.  Pregnant or lactating women;

5.  Patients with mental illness.

2.4. Evaluation index
---------------------

Operation time, blood loss during the operation, fasting time out of the operation, bed rest time, hospital stay, mortality, incision infection rate, and the situation of using analgesics after the operation were observed. Incision infection was determined when the incision had purulent secretions or the incision secretion bacterial culture was positive.

2.5. Statistical methods
------------------------

Statistical analysis was performed using SPSS version 22.0 (SPSS Inc., Chicago, IL). The measurement data were expressed as mean ± standard deviation (![](medi-98-e15768-i001.jpg)) and (M, Q1--Q3) using independent samples *t* test. The cut-off value was calculated using Medcalc. Count data were expressed in percentage, and analyzed by *X*^*2*^- test. If necessary, Yates continuity correction or Fisher exact test was performed. The primary study endpoint was acute gangrenous appendicitis confirmed after the operation or perforation appendicitis identified during the surgery. The logistic regression model was subsequently used for single factor and multivariate regression analysis, and in screening for independent risk factors. The area under the operating characteristic curve (ROC) was calculated using Medcalc software (Mariakerke, Belguim). The area under the ROC curve when it was \>0.5 was the prognostic value. The closer it was to 1, the better the effect. The fitness of each model was evaluated using the Hosmer--Lemeshow goodness-fit test. The 2-sided test for significance level was set as *α* = 0.05, and a *P*-value \<.05 was considered statistically significant.

3. Results
==========

Medcalc 15.8 was used to calculate the cut-off value, sensitivity, specificity, Youden index, and positive and negative likelihood ratio, and obtain the numerical variable node related to factors that are possibly associated with the severity of acute appendicitis patients. The obtained values are presented in Table [1](#T1){ref-type="table"}. The cut-off value of the abdominal pain score was 7 while the abdominal pain duration was 32 hours. And the cut-off value of the highest body temperature, the peripheral white blood cell (WBC) count, neutrophil (NE%), NLR, CRP, and PCT were 37.9 °C, 13.66 × 10^9^/L, 85.2%, 10.9, 66.1 mg/L, and 0.48 ng/mL, respectively.

###### 

Each numerical variable cut-off value of patients with acute appendicitis.

![](medi-98-e15768-g001)

3.1. Single factor regression analysis
--------------------------------------

Factors that may be associated with the severity of acute appendicitis patients,^\[[@R15]\]^ such as abdominal pain score, duration of abdominal pain, maximum body temperature, tenderness range (divided into 3 sections: \<3, 4--6, and \>7), the highest WBC count, NE (%), NLR, CRP, and PCT, were analyzed using the single-factor regression method. *P* \< .05 means that the difference was statistically significant. The values are presented in Table [2](#T2){ref-type="table"}.

###### 

Single factor analysis of the related factors of complicated appendicitis.

![](medi-98-e15768-g002)

3.2. Establishment of the multi-factor regression analysis and prediction model
-------------------------------------------------------------------------------

For independent risk factors with statistical significance, a multivariate regression analysis was further performed using the method of Forward Wald, and *P* \< .05 means that the difference was statistically significant. This was rounded to the variable assignment based on the *β* coefficient values. Hence, 1 point was given when the highest body temperature was \>37.9 °C, the tenderness range was \>3, peripheral blood WBC was \>13.66 × 10^9^/L, and NLR was \>10.9, while 3 points were given when CRP was \>66.1 mg/L, and the total score was 7. Then, a prediction model was developed, as shown in Table [3](#T3){ref-type="table"}.

###### 

Establishment of multifactorial regression analysis and prediction model of risk factors for complicated appendicitis.

![](medi-98-e15768-g003)

3.3. Comparison of the validity and accuracy of the new prediction model
------------------------------------------------------------------------

The patient ROC was drawn, and the area under the curve (AUC) was calculated. For the AUC, a value \>0.5 was considered to have prognostic value, and the closer the value was to 1, the higher the accuracy. The AUC was compared with the sample Z-test. The AUC for this prediction model was 0.857 (95% CI: 0.806--0.908; *P* \< .001), as shown in Fig. [1](#F1){ref-type="fig"}. When the Hosmer--Lemeshow method was used (*P* \> .05), the value of *X*^*2*^ was 12.430, suggesting that the prediction model fitted well.

![Validity and accuracy comparison of new prediction model. The AUC value is 0.857 (95% CI: 0.806--0.908), *P* \< .001. AUC = area under the curve, CI = confidence interval.](medi-98-e15768-g004){#F1}

4. Discussion
=============

Acute appendicitis is a common surgical acute abdominal condition. Appendectomy has long been considered as the optimal treatment for patients with acute appendicitis. However, in recent years, more and more attention has been given to conservative treatment. Furthermore, some literatures have suggested that UA can be treated safely and effectively through conservative treatment.^\[[@R16]--[@R19]\]^ By comparing the observations and follow-ups, it was found that for UA, the complication of conservative treatment was significantly lower than that in the surgical treatment group.^\[[@R20]--[@R22]\]^ However, in my opinion, appendectomy is still the preferred treatment for UA. Only when the patient is reluctant to undergo surgery or the patient\'s general condition is poor, combined with multiple organ failure and other surgical contraindications can we consider conservative treatment. CA can result in a variety of potentially serious complications, such as peritonitis, abdominal abscess, and paralytic intestinal obstruction,^\[[@R23]\]^ and its surgical treatment should be performed as early as possible and adequately prepared before the operation, in order to reduce intraoperative and postoperative complications, and reduce mortality.^\[[@R13],[@R24]\]^ Particularly for elderly patients, they have less physiologic reserves and poorer nutritional status, as well as more postoperative complications and mortality, when compared with younger patients.^\[[@R23]\]^ These fully illustrate the importance of immediately determining whether the patient has CA before the operation, in order to prevent the delayed timing of surgery due to complicated preoperative preparation or any affect on the prognosis of patients due to the choice non-surgical treatment. The study aims to identify whether it is CA as soon as possible after admission, so as to select the optimal treatment promptly, decrease unnecessary examinations and treatment, and reduce related complications.

There are some differences between UA and CA in clinical manifestations, laboratory tests, and imaging examinations. However, in order to avoid artificial subjective factors, the scoring system should be applied to objectively distinguish between UA and CA. At present, the scoring system for CA in literature is basically confined to the combination of clinical manifestations and imaging.^\[[@R3],[@R25]\]^ The following features were observed on abdominal ultrasound or CT: external gas of the appendiceal cavity, appendiceal fecalith, appendiceal wall strengthening defects, fluid around the appendix, intestinal obstruction, and so on. These features have high specificity, but express lower sensitivity and excessive variation, reducing the reliability of the score. It has been reported that ≥18% of CA may not exhibit the above typical imaging findings.^\[[@R15],[@R26]\]^ Therefore, in the choice of treatment options, these CA are easily mistaken for UA and conservative treatment would be chosen.^\[[@R27]\]^ If this segment of patients chooses conservative treatment, there will be a higher failure rate or recurrence rate, or cause severe complications.^\[[@R17],[@R28]\]^ On the other hand, fluid around the appendix and appendiceal fecalith will both appear in UA. Increasing the diagnostic sensitivity of CA will be at the expense of reduced specificity.^\[[@R3]\]^ At the same time, this will increase the false-positive diagnostic rate of CA, and lead this segment of UA patients to undergo appendectomy, which would add to their relevant expenses. Indeed, this has been traditionally considered as a safe and effective method of treating UA.^\[[@R3]\]^ Although the proportion of conservative treatment based on diagnosis recommendations is not very high, and considering the high incidence of acute appendicitis, a considerable number of UA patients may avoid surgery. These patients, when successful treated, will be exempt from appendectomy. This would reduce their cost of treatment, improve their quality of life, and prevent complications associated with appendectomy.^\[[@R22]\]^ It has been reported in literature that there is still a 0.2% incidence of appendix carcinoid pathology after appendectomy.^\[[@R29]\]^ In the present study, 2 patients (0.84%) were diagnosed with appendix mucinous adenocarcinoma after surgery. Therefore, for acute appendicitis, non-surgical options should still be carefully considered.

At present, the preoperative assessment of using stress response indicators for CA were more confined to children with acute appendicitis,^\[[@R12],[@R30]\]^ but has been less reported in adults. The subject regards postoperative pathology as the standard. Adult patients were divided into 2 groups: UA, including acute simple appendicitis and acute purulent appendicitis; CA, including acute gangrenous and acute perforated appendicitis. The cut-off values related to the factors of CA were calculated by using Medcalc 15.8. This included the abdominal pain score, the duration of abdominal pain, the maximum body temperature, and the range of tenderness (3 segments: ≤3, 4--6, and ≥7), WBC count, NE (%), NLR, CRP, and PCT. All the above indicators were entered into the single-factor regression analysis, and it was found that there was a statistical significance in the results (*P* \< .05). This prediction model is a scoring system derived from the coefficients of the predictors, allowing the maximum possible score to be 7 points, and higher scores were more likely associated with CA. Then, in the multivariate regression analysis, the differences in all the above indexes were statistically significant (*P* \< .05), and the values were rounded to the meaningful indexes assignment, based on the *β* coefficient values. That is, 1 point was given when the highest body temperature was \>37.9 °C, the tenderness range was \>3, peripheral blood WBC was \>13.66 × 10^9^/L and NLR was \>10.9, while 3 points were given when CRP was \>66.1 mg/L, and the total score was 7. The prediction model (ROC) was developed, and the AUC was calculated as 0.857. This suggests that the prediction model has good discriminating ability. This prediction model is a scoring system derived from the coefficients of the predictors. Hence, the maximum possible score is 7 points. Furthermore, higher scores were more likely to be associated with CA. In the present study, the CRP value was measured by hypersensitivity, and the sensitivity of CA was 83.33% and 72.34%, respectively, which was higher than that reported in a literature.^\[[@R2]\]^ Therefore, hsCRP had the highest score of 3 in this prediction model, while the other indexes all had 1 point. Other stress indicators in a relevant literature presented with different types of reports.^\[[@R2]\]^ For example, a WBC count of \>13.66 × 10^9^/L in the present study was used as the meaningful index to distinguish complicated and UA. Its sensitivity and specificity were similar to those reported in literature (66.67% and 51.06%, respectively). In some studies,^\[[@R30],[@R31]\]^ the association of WBC counts with CRP alone did not improve diagnostic accuracy (AUC = 0.715). However, in the present study, the above indexes were combined with some clinical manifestations of patients, and the diagnosis of CA was significantly improved. The ACU value was 0.857, suggesting that this model has better discriminating ability.

The scoring system had 5 indicators based on the clinical manifestations and stress indicators in the present study, in which the included clinical data was easy to collect, such as the highest body temperature and abdominal tenderness range, in which both were obtained by general admission examinations. The experimental data contained in the prediction model was easy to collect without drawing additional blood, or the need for special equipment and reagents. This allows for the rapid collection of relevant results, such as peripheral blood WBC, NLR, and CRP. This prediction model does not include an imaging examination. Hence, there is no need to increase patient examination costs and the pain of moving patients. It is very convenient and practical.

The scoring system is limited to the preoperative diagnosis of acute appendicitis. To a certain extent, it is able to quickly and accurately distinguish between CA and UA. The scoring system was evaluated in the present study. However, multicenter clinical data were also needed to verify and confirm the universal applicability of the scoring system. The scoring system established in the present study, which was entirely based on clinical manifestations and stress factors, was a complementary approach to imaging studies. The scoring method in the present study can prevent the shortcomings of imaging, such as the radiation of CT examinations, the subjectivity of readers, the increase in medical expenses, and the extension of diagnosis time. In particular, it can avoid the multiple moving and checking of patients with acute abdominal conditions, and reduce the patient\'s pain and danger.

5. Conclusion
=============

In summary, the scoring system is convenient, economical, affordable, and easy to be popularized and promoted. In the present retrospective clinical study, the clinical data were still limited. Hence, there is a need to collect more clinical data and conduct further studies in experimental centers for further research and improvement.
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